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N, N' -b'X C4- (y*7x-;V7S 
7)7i-^-N, N' -y'7x-^-l, 4-y'7 

5,5" -b'X [4- (fx [4-7^- 
^7x^l/]7Sy)7x^)-2, 2' : 5' , 
2" -^-f^7iy, 1, 3, 5-h'JX(y'7x- 
7iyT$y) <yfe'y, 4,4',4"-MJX(N-* 
;^SVU^ ; p) h ij^ x -;pr5>-, 4, 4' , 4" - 
MJX CN- (3"' -^f;1^7x-;H -N-7i- 
/l^7Sy) b'j7x-^7Sy, 4, 4' , 4" -hU 
X CN, N-b'X (4"' -tert-yf-;l/h"7x— 
4""--f^) 7S7] by7x-;l-7Sy, 1, 3, 5 
-MIX CN- (4' -y7x-^7S77x-^) - 
N-7x^7S7) ^y-fe'y&i:) N ^ijf^i^ 

& j: t/ -e cot^ft . ^ u - n - f^/M? ;^ ^/-ivmm 

o. 1-4 onm.%nmzwmth« 
[0060] ^«4{±. jEii&xvm^&Amm. 
ztihmmmm. ^Hitm^n^^zx^mm^ 

ytmi±. ^mzghi,it^Ai5Xx//±tz\±^^ 
mte-frthfcsm («*.«*, r?v Fyf&sft, 

7>)Yyi$mW. y*7-bb°nnbn-;M?5#ft, 3>mJs 
mmt-Sfys C0»xJi\ ivfvy, ryhy^y. r-b? 
•fey, ewy, ^yi^y s ?y-fey, -r^y^y. a 
n^y„ fh$7x-^y;n'<y^yxy, ^y?y 

x.—)Vy-?Vi^y- yiy, 9, 10-y'7x-/l/7> 
b^-fey, 9, 10-t'X(7x-/kXf-;l-)7yh 
7-fey, 1, 4-b*X(9' -x^-r.;uryb7-fe- 
)V) ^y-fe'y, 4,4' -fx (9" -Xf^TVl 

5>fe-;i-) t'7x-^) , h VTV-)isT$ymmfo 

hUX (8-*JV?-b) T^S-^A, fx 

(io-<yy'[h] ^y yy^-M <u y7A, 2- 
(2' - b Ko^f x — ) ^y v^^^y— ;kt)S 

ifiiS, 2 - ( 2 ' - b h'Qdf y7x^ ) <yVf7/ 
— yUD^B, 4-bKn#^r^U> ! y<^ffifSfi, 3 
-tFn^fy77^y«S, 5-tFn^fy77!K 
y<7)^.»J U>7 AS, 5-bKn^f^77^y<0T/WS- 
^Alg} s X^-/l^yf&£ft <#J;ifi\ 1, 1, 4, 4 



-fh77x-/H 1 , 3-7?yiy 4,4' -f 
x (2, 2-y7x-;i/t^;H b'7x-yK 4,4' 
-fx C ( 1 , 1 , 2 - h 'J7xX;H if-^) f 7 

[006 1 ] 9 vy yf&*ft C0iJi.(i\ y v y y l . y 
vjy6, ^-?ijy7, ;7ijy30, yvyyio 
6. ?v»jyi38, ni)yi5 1 s ?7'jyi5 
2. ?7'jyi53. ^7yy307, ^7>jy3i 

1. 77Uy314, ?7ijy334, ^7'jy3 3 

8, ^7ijy343, ?7Uy5 00] , f^yi&gft 

cmx(^\ dcmi, dcm2) s ^^rv'ymmw. 

^yv'**w-ivmmfo. ^yyw s yy-;n^ 
ft, b^y'yt^ft, ^^SSxxf;H?*ft, 

n - f -jvii)V) iv-)va x i/^commw. *° y f-* 7 

xyfeiy-g-tfol^*, ^'J7xx^y^j;y^ii 
ft, 4?y7/k*yyfcj;t>'^l$2*ft, KV7x.-uy 
\L-\yyai.U^<r>mm-i¥, f 7xx;yyb" xyy 
fcJ;t/-?-<7)I&Ift, Ttfy^-yx^yyb-yyfcii/ 
-ecoi^ft. KVl-yj-isyt'-uy&kVZcomm 
ft, ^y^x-yyfx^y^J;t>'-?-^f^ft55ri:) 

[0062] ft^cOW«m#^**^^fc^T{4, % 

ytm t & ft-am a ^ l x u § ^ t **» a 
^£«ffl-r mmwz&iibhjt%mz{%hi\L 

^VDACOWfelt. if4L<ll 0. 0 0 1-99. 99 

9mm%mm, xvuf&Kiz. 0. 01-99. 99 
mm%mm. §^^*?^t<«4, 0. 1-99. 9S* 
%nmzmmt^. 

[0063] ^mitz&^xm^&mnwm&iitt 

J. Appl. Phys., 65, 3610 (1989) . !»iPP5- 
2 14 3 3 2^&miZimc0£ o fc. ^«&*X H-ft 

yx Yit^ { Y-j^y v) >omm-z> z t 

hXZ&* *^0J(^^^%A2r, *xb^i!:L 

xm^x&ftmz&fc^-&zbtfx*%. z^iziz, yx 
^m^zmhit^Ai , ^"x h-ft^t t-rfflv^T^ 

1ulB<50ft!2O^iltg^^l.^^%^^(f S CI t ifiX' 

z . to*.\i. %3ttt*«#JRigft^^(i h y r y 
twzbVT y -;wr 5 ymmmztt lx , ^fincff 

^-fk^ASr. *F£ L<«. 0. 0 0 1-4 011%S 

J:D»^L<ii. 0. 0 1-3 0M»%SJg s 
i?*L<{±, 0. l~2 0M%ej£flyf!-t£. 

[0064] ^B^ffs-fk-^ftAfcfifffl-rsfSJKtt* 
«^Jiigftfc lxh. mzmtet&tnx'itK^tf. % 
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mfat LtJi. mm. hkss ( a > — (c)x- 

(Q) 3 -a 1 

(Q) 2 -A 1 -O-L (b) 

^tsmmm 6-24 c^^bk**&^-r ) 

( Q ) 2 -A 1 -O-A 1 - (Q) 2 ( c ) 

wm-fim&mmw^famt lx\±. mm. hyx 

(8-^y yy?-H t/us^a. h'jx (4-> 
f-^-s-^yy y?-H t^s^a, hyx (5 
-yf-/L— 8-^7y75-M T/psx^a, h'jx 

(3, 4- ; JXj-Jl—8-*JVS7-b)TiU$.-iJ 

A, MIX (4, 5-x^f-^-8-^y uy^-h) 
ta-s-'Ta. h'jx (4, 6-y^f-^-8-^yu 

[00 6 5] t*X ( 2-7-f-/l--8-df 7 VSy-b) 
(7x.J?-b) TAS^A, b'X (2-7^-8 

-3vyy7-M (2-^f^7xy7-b)r;i/S 
^a, fx (2-7f-^-8-df7y77-h) (3 

-^f*7i/7-b) t;p$^>?a s b"X (2~7f- 

^-8-Jfyjy7-f) (4-^f;k7iy7-M 

T^S-VA. fX ( 2-7f-A-8-3V D 75- 
M (2-7i^7i/7-h)7;^-7A 1 t'X 
( 2-y^-8-3V 'jy^-h) (3-7x-;l/7 
i/5-M T^5-^A, fx (2-7^-8-^ 

yyy^-h) (4-7i^7xy7-MT;i'S- 
7A, f x ( 2 — y 8 — y u y 5— h ) (2, 

3-y^f;l/7x77-h) TAS-^A. fX(2- 

y^;P-8-^y yy^-b) (2, 6-y^f;k7x 

77-h) TAS-^A, fX (2-7-^-8-^7 
yy^-h) (3, 4-y7f^7x77-h) 7^5 

-k>m.. fx ( 2-yf-;p-8-^y y y^-b) 

(3, 5-y^f^7xy7-h)7;^-7A. fx 

( 2-yf-^-8-^y yy^-h) (3, 5->>-te 

rt-7f;l-7xy7-b) 7;l^S-7A, fx ( 2 -y 

f-;p-8-dfy y y?-b) (2, 6-y7x^7x 
/7-h) tas-^a. fx ( 2-yf-/p-8-*y 

yy^-b) (2, 4, 6-S'J7x-/1/7x77- 

M 7^S-7A < fx ( 2-yf-/k-8-^y y 

-M (2, 4, 6-MJ^f^7x/7-h)7;l'S 

-*7A, fx ( 2-y^-/p-8-dry y y^-h) 

(2, 4, 5, 6-f h7^f^7x/7-b) 7^5 

x»7a. fx (2-y^-- 8-dfyyy5-h) (i 
-7^7 h^-M tas-^a. fx ( 2-yf-/i^-8 



-*yyy5-M (2-t7h7-h) r^5-»> 
a, fx (2, a- : j*^iv-8-*;v jy-b) 

(2-7x-^7x77-H 7^S-7A, fX 
(2, 4-^'y^;P-8-dfy y Jy-b) (3-7i 

-;i^7xy7-h) 7;^-7A, fx (2, 4-^'y 

^-8-dfy y 77-H (4-7x-^7x/7- 

b) T/kS^A. fx (2, 4-sy*f7i--8-^y 

'J/7-M (3, 5-^^7x^7x77- 

M 7^S-^A, fx (2, 4-^y^;w-8-^y 
yy^-h) (3, 5-i>'-tert-7'f-^7x^7x 
77-h) TAS-^A, 

[0 0 66] fX (2-^f;P-8-Jf7'J77-b) 
T/l^-^A-ju-^dfy-fX ( 2-7^-8-^ 
7'J77-b) 7/1-S-7A, fX (2, 4-^7^ 

-8-*7U77-M r^^-^A-^-^y-f 

X(2, 4->-*7f-^-8-df7y75-h ) 

*7A. fX ( 2-7f-^-4-x-?-^-8-dr7y75 

-M r^^-^A-^-^y-fx (2-7f-;i^- 

4-x^-;k-8-^f7y77-h) TAS-^A, fx 
(2-7^-4-7 hJfy-8-Jf7'J77-h) T 
^S-^A-^-3j-drV-fX ( 2-7^-4-7 h 
^f^-8-dfy y /7-M T/1/S--7A, fX (2- 
7^-5-^T7-8-^f7y 75-h) T^S-^ 

A-At-^-dfy-fx (2-7f-;l^-5-^T7-8- 

d f7y75-h) TAS-^A, fx (2-7^/l/-5 
-hy 7/1^-07^-/1—8-^7 y/5-b) T^S- 
^A-xt-rt^y-fx (2-7^/l/-5-t-y:7/M- 
n7f-;P-8-^f7y 75-M T^S-^A^t'Sr^ 
ff h Z t tfVZ h . «J3ft, ^tt^tg&fllMWi, «ft 

[0067] m^ixA«?i**5(i. Ftfe^cottWx 

. *&mz\% h it&fa Afc j; /* ^wffeio^ a 

Hi, b'JX (8-*7U79-M T/US-^A, f 
X ( 1 O-OV(h) ^/ijy^-M^'J'JW, 5 
-hKD^y77*y^'J y»>AJg. 5-hHodf^ 

y^tf'ycor/kSx^Atg:) , ^^-9-xTV-;H^#: 

C^J^.(i\ 1, 3-fX[5' - ( p-tert-yf-^y 

x -;i^) -1,3, 4-^-9->>'ry-^-2' —i 
;W] O-fefvD s h y Ty"-;H^##: CAUlf, 3- 
(4' -tert-y^yx— ^) -4-7x^-5- 
(4" -t'7x-/H -1,2, 4-hUTV— , 

[0068] *miizmte&toAbm<Mt=Ft&Mm. 
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0.1-4 omm%mmizmm-t&. xmuzts^x. 
*3ffliz&&it&mAkim&Mm# tmm. mrie— 

( a ) jRsC ( c ) T^§ft&-ffcl^j) £{JffflL 

[ 0 0 6 9 ] m&6 b IXH. Jt«Wtt*RBRW/hSv^ 

ffl-rs zkwti* l\>\ mkizffiftt&wmmb tx 

\z. ^Rff. y-f-^A. ijf^-^fyy^A^ ^ 
yi?*?^&. yyW, /^A, f-^X^A, 
5-^A-V^*v">A^, y?-7Tl YWB&Vk 

mihz\bifiX'%h» Zi\t>cr>WfflffilZ. mbx'&m 

^^tlftSJl^T, 3£«^ X^y? 

f^-vt'-A^if^^mtcto, m^-aA 

^. ft. BEfl^)^-h«S«ftfiil4. ItHn/niJaTWR 

[00 70] mmcomfriz. fm-tfrnmrncommz 

i>£&W.~miZ. 5-1 OOOnmlK, XVIfrtL 
<l£. 1 0-5 0 0nmgJg(CfS5£-f.z,. $ s ^T«^ 

b«6<o*j«S: < fc t ssgftr v > L^mmxh 

&Z\bt>m&L<. HRfc. %3fe3e<oa3dMS3{)*7 o %m 

[007 1 ]*^ ^min^wfrftm^zii^x 
a. %<D'j>-%<bi>-m*i / z. -mimmr^yi-x- 

t^^^tLX^XhiW -Wmm-7^>i-*r-bL 
- -y ^;Hg#:, y'7x-W VKyVy y yftb'Wmf 

hti, mzft&L<i*, ivfvyxfoh* —migmm? 

X-y^-^-tf^ZtiX^hmb LX\Z. 
tcDT'tt&v^ #?SL<{4. yt3W**:ttjE?L&A*} 
jM*TS> "9 , X K> I < (4 . iE?Lf±Ali?^ST-S> § . 
mm. IE?LaA$ftiM«(c-fiiI^xy^^-^# 

jEn,mMmm*izi%-izttzitxi> 
x<s jEfw&Mmmtim-r&m (mm. itm. 
wmmitthtt&Mmm) coizmtz^zitx 
i>^\ -mmm7x.>i-*~-<7y£iiS.b txa. # 
(mm. iE?L&Ammm) zmnttz-kft 

mcnO. 0 1-5 011^, ifftKii. 0. 05-3 
0M*.%. £*)WlLL<\t. 0. 1-2 0M*%T-S) 



[007 23 jE7L&a«!S8*, $txm. m^&xm&m 
mm^mzmtxi,*. &izm%.~r&h<7)Tiz%:<. m 
m. M^mmm. j*y\mmm. mm&m mt 

hCOXli&^tf. 10" 5 Ton- m%CDM2TX\ 5 0 — 
6 0 0°Cgg»tf'- H&S (3K*«AK) . - 5 0-3 
0 0°Cmmcr>mMi&Jg.X\ 0 . 005 — 50n m/sec 

[0073] i<0*^, JE?Li±A«iMiI, 

mtt z b tfxz s . M^mmmzx 0 , ie?i&a«i& 
f^fe®. m^iAtfi^^t-^ii^, mucoid 
<fa£m^xB&it&mi}. it&mzxtitz&x- h 

[0074] mmmmz£ 0 s *M*m&ri>m&* 
&m*Btf&&m.fth&\vz*:<r)ffltb>^ v-f-mm 

Sr, *^«^«t$*T^S?Rfc-r«». iE?L 

aA^iS®. m^&Af&)H«co#«£&fflL3 

&ju>y-wffib Lxn. mta. *ry-N-b'^u 
\)/*5*isU>. ^yxf-i^y, ^y 7s-i/mt 

[007 5] JgBK&ffiScfc J: y . 

ft, as^r^«fflf«E (mtr, Tf^^y, r 

n^- 7 ? y 5r if »K-(bfc**»« . ffl t {f , r -fe h 
^^^^■yy^bcoyhy^mm. mm. y^n 

x^y N hij?Dnx7*y, fh5;nnx?y N 
n^y-fer>, y7on^y-(fy v ^ on b)V^y%:bcr> 

^vyyitmi&km&mm. mm. mmx+iw mm 
y^>v. m&tT$;i>%b'<oj:AT>i-mmm. mm. * 
9 ;-}V. 7pa7-;i/, tv. ^y? y-iv. 
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'vaf'tfV— ;K yy*c?^r-F/— ;K ^^-;HrnV;U 
7". xf-;Hrny;l^7\ x^y^'J rj-^Sris^T/l- 

$L Mttf. N, N-y>WWSF, N, N- 

fttWUTJi. ¥flzW£th t<0T{i3r< , 
Rgnikm.HRCIt 0. l~5 0fiM%g 

jg, * l < y\ i~3o a*%ssoj§?smS'c-ft 

&f8.ftC0®.mz*tLX) . 5-9 9. 9»S% 
mK, *f£L<Ji, 10-9 9. 9S»%SJS, <fc 0* 
4L<li, 1 5-9 0S»%gJKt;ia^-f& = 
[00 77] lEfLiiAWijMJl, mM. m^&AM?S*« 

vMmizmvxte. mzmM-t&itVTteK^tf. -* 
-x>m%t'coTmfim*izmAi,xumt& z t # 

ya-vfflfflL x^yyU XVX&V 
itt^5X, &JKBHUtL «SHfcft, &SWS*ffc«J, 
[0078]**:. W&tz&WMb LX , flitf, &B 

m-itm man, mitr/vs-v^m) . Ass^-vftii 
*R»ts;fct>T*s. mar* »sw*fflt, 

mfo. 7?u^T~ymmfofrbi&mmm (+ihji> 



zo&mz. mux, bl Ty^-T/T&f&iYrtMs h 
h\^ZT7X-?xvm Lx&m-t & z 1 t ts & . 

[0079] *«BHW*«**ffi3K«?«. Hftfc. £ 
SKHftSUoS^fc LTteffiSixS**. ;w*iHtt£l4fc 
(i^iBKMcO*^ k LT t ffiffl-f 4 Z t 6 . 
W, EP^TWEii. HRfc, 2~3 0VSKT*4. #?6 

[0080] 

mizmmizmn-t&fiK *%mtzixh\zk*)m. 

Ht£tthh<nX'\±%:^« 

mm\\ : m^t^mA-i^t^cowm 

3-y)V^yy : f-)V-^m4. 92s. 9, 10-y 
7nWf7ty3. 36g. ^^h l J r 7A4. 2 
AsHi.U'fVy^x (b'j7i^7a7^) ^ 
7y>)A0. 6 9g^WVxy ( 1 0 0m 1 ) tiXtffc 
(20ml) it^CSlSBBiatfc. 0 h)V 

;ny) -CjlB«L/£. b^xy^«£ET®*t^. 8c 
SSr b/l^x>i: r-fe b yam&MMi. DH$S B a B L, fl^ 
-ft^ftA- 1 cmti!MiZm&,<?>1&fhb 1X4. 8 6gf 

**^»f: m/z = 5 78 

C H 
(%) 9 5.4 7 4.5 3 

^jffl* (%) 9 5. 5 9 4. 4 1 

R1^2 5 0°ClXh 

Z<nit^M±. 5 0 0°C. 1 0" 5 Torr «0*fTPC 

©lRfii± ( h^xycf ) 3 9 9 n m 
[0081 ] «}t^2-38 

SJSWIl &c*3vvr. 3 - 7^5>-f- yl-^^KSrffiffl 
•f-S-ft^Ot. «^c03-7;^7>T-x;P*»>^^i 

S^09, 10-y (3' -7W7yf-;W 7Vh 
5-fe^M»#*«Sjat/S. SSl^ («1~«5) CCJiffi 

Lfc9, 10-y (3' -y^Tfyyr-JV-) Tyhy 
^ytrnfoZM^t-syn^X^Ltz* tfz. Y)Vx.y 
*<F>Wm± (nm) ^m-tX^Vtz. W, SBt^ix^ 

^l^{4 . 2 50 °CVX±X'fo o . 
[0082] 

[m] 
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3 9 9 
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A-2 2 


4 0 0 


1 0 


8,9 


A-2 3 


3 9 7 
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(nm) 


1 1 


7. 10— y— n— "^nfcf^U— 3 — 


A-2 5 


3 9 8 


1 2 




A— 2 9 


4 0 0 


1 0 


7 Q 0 If) k=V ^-lly—l ~7 iX/Jc^i 


A— 3 3 


4 0 2 

1 V £ 


i ^ 

1 4 


7 ,/ Li,»/ O «-7 |LrgH>=S ""v^.— /W-f"? 

H 




4 ft ^ 

*k V 0 


1 5 
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B— 6 


4 0 3 


1 6 




B-7 


40 4 


1 7 




B-1 2 


4 0 5 


1 8 


It 


C-l 


4 1 5 
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(nm) 


1 9 


7 — (4* — > ^- yl/^ ji^yU) —3 —771/^- 


C — 3 


4 1 5 


2 0 


7 1(1— £J V ^JL«— A —"7 -y — , /[v — Q ~-J )\j 




4 f A 

*J 1 V 


9 1 


7 1ft *J II "7 — fly 1 ~7 i|> 


P — 7 


A 1 ft 


2 2 


7, 10- v> D-^n - 7 jl-JU 


C-1 1 


4 1 3 


2 3 


7.10-^>^V-8,9 -^7x^-3 - 


C-1 8 


4 2 0 


2 4 


— ;u) -9 -7x^-3 -y 11**5 > 


C-1 9 


4 2 2 


2 5 


7,10-^-n -^ntfyl^-a9 -S^7x 


C-2 3 


4 2 2 1 


2 6 


7. 10-^y^PtT;l/-a9 -^i- 
4/-3 


C-2 5 


4 2 2 
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351* OK*) 





3 -vnrt? yr-***UHm* 




mm* 

(nm) 


2 7 


7. 10— i?- n —M^ -> JI/-8, 9 -^7x 


C-2 8 


4 2 0 


2 8 


7 in— >>"7 8. 9 — S>>^7l/-3- 


C- 4 3 


4 2 5 




7 10— jeJZJI/— 8. 9 — S^X^lz-S- 


C-4 4 


4 2 5 


3 0 




C-4 7 


4 2 3 


3 1 


7, 10— 5/7 jii^/P— 8, 9 — v>— n ~^s+ 


C-4 8 


4 2 4 


32 


7,8,10- hU 7x^-3 -7^5 > 


C-5 1 


4 3 2 


3 3 


3 -7/Ut5>7^l/**l* 


C-5 2 


4 3 6 


3 4 


7, 8. 10- h 'Jl (4' -> HP*7 ^-^) 
-3 v^—A^It 


C-5 4 


4 3 8 
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[*5] 
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$1£ GRU) 



sent* 


3 -yn^^^MMmmm j 




mm* 

(nm) 


3 5 


7,10-^-7x^-8 - (f-zr^y 

x— /V) -3 -7^>f-^^K 


C-56 


4 3 5 


3 6 


7,10- i>V x-4/-8 - (4* -7*—^ 
7x^) -3 -7/Ut-7>^;L^^ 
■ft 


C-5 9 


4 4 0 


3 7 


7, 8, 10- MJ? x~;t/-9 -o^/U-s- 


C-63 


4 3 2 


3 8 


x^U) -9 -n-^yf-/^-3 -7* 


C-6 8 


4 3 3 


3 9 


7, 8, a 10, -^h^x-w-a -7/p 


C-7 0 


450 


4 0 


7,10-^7x-;U-a9 -i> (4'-j*f- 
4/7x^) -3 


C-7 1 


4 5 4 


4 1 


-^7x^3 -7/k*7 


C-76 


4 5 6 



[oo87] mmM 1 

f§2 0 0nm»ITOlBMffi (NMB) 

x!S^> *ttifeJW, T-feh^ 3^9 J -)V*m^XM 

fcfflfcbfcft, lf»^3x 1 0-6 Torr £«EUI:. 
*i\ ITOaqB«a±C 4, 4' -b'XCN-7x 
-;W-N- (3" -^f^7i^) T571 t'7i- 
^SrH^iSEO. 2nm/sec X'7 5 nmCOg-ZizMM 
U JEHmxmkmbltz. K^X\ *<o±K. fx 
(2-^f;l^-8-^yyy5-h) (4-7x-/1^7 
i/7-MT;l/S-7Ai:9, 10-y (3' -771/ 

sec t50 nmtfO#$tCft^« (S*Jt 10 0:0. 

-h) T^S-^ASr. ^*3E«0. 2nm/sec X'5 
0nmO*£K3S«U b Ltz. 

-?-<0±tC:, vSli'VA.bm*. ^*J$JK0. 2nm/ 



sec t'2 0 0 nmCDJSSlC^sK* (MMJtl 0 : 1 ) L 

tt. mmmcommvmz&'itzttm&Ltz. rmttz 

£ EPJn Lft t C h s 5 5 mA/ c m 2 <r)W$LtfWxtz . 
3BJK2 3 5 0c d/m* cOWfife^3fe* { ?iI2.5tL^» 
[0 088] mtW2~4 1 

Hiftft 1 fcfcWt , ?63ftf WffM^ LX . flfiMfc&Hl 

-3*Mfc£* (Hlffe^J2) , flB^t#Hj##A-4tfXfc 
(HSfe#J3) , fiHSMk^ft*#A-7^k^ft (^ 

ifcPH ) , m&fc&to&IrA- 1 oco-ft;-^) (%Jtffl 
5 ) , ^-fb^sS^-A- 1 7(T)ikizV» (Mime ) , 
mwfc&bttA- 1 aw&b i9mM7 > , fl^-ft. 

fA-2 2 0M» (HJIW9) , ^-fk^s-^-A- 
2 3<Mt&fo (mm 10). 0K*fl:^ft##A- 2 5 
c^fc^fo (£tfeffll 1 ) . m^t&®&^A-2 9<7Xt 

i$m (mmmi 2 > , «*<t^iw»A - 3 sow&m 



(*4 7 ) )01-257074 (P2001 -8F: 7 4 



(3S««1 3) , #J^bl^#^B-3^b3* (£ft 

m 1 4 ) , flaj^fc^Hjire b - 6 ^-fC^-ti ( HSfcW l 

5 ) , w^-ft:^#^-B-7^t;^ (mmmi 6 ) . 
w^-fk^s-f-B - 1 2(Dit^ (mmm id , 
it^mnc - 1 coit-sm ( mmm i s > , ct^^^ 

#-^C -3C0itism 19), «^k^ft##C 

- 4 w-fb^ft ( mm 2 0), w^t^»##c - 7 co 
it&va mmM2 1 ) , mat^m^c-i icoit& 
m (mtm2 2 ) . wftt^mrec- 1 8«xb&n 
(^jfiCT2 3 ) , ffmte&mm^c-i 9cr>it&m (n 
j*fi«2 4 ) , m^t^m^c - 2 3cofc&fo (mmm 
25), fi^-fk^ifjjs-^c - 2 5cr>it-sm (mmm2 

6) 
7) 
8) 
9) 
0) 
1 ) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
0) 



«*^k^ft»^C - 4 3 CDitizm ( Uttffl 2 
«tfj*fb&ft#^C - 4 4 <?Xk^Hj ( KlWJ 2 

0ftHb£ft#9c - 5 Ko^b^ft ( ships 3 
ww-ft-^tts^c - 5 2cr>it&vt (mmM3 

ffijUt&tem^C - 5 4 CO^^J ( HJfe^lJ 3 

#J*-fb-s*#-tc - 5 6 ^t^flj ( Hffipy 3 
flKHt£fc#^c - 5 9<wtinm (mam 3 

flfi^fc^flflH^C - 6 6 <^t^ft ( Htfeffl 3 

«^b-$*#-t c - 7 0 <?Mk-&« ( mm 3 
i^b^ws-^c - 7 lote&m (mmm4 



7 60-fb^J (3gJtffll4 1 ) 
T, 1 2VcOiS«* J E^EpjPt^i:^^, 

2* (^6-^7 ) t^t/c. 

[0089] 1 

§#A - 1 c^ft^^Srffiffl-yr-rt, h"X ( 2 
8-^y'jy7-f) (4-7i-;l/7i/7-M 7 

*Mk Lama, mmnziffinumizx o#«sm 

Lfc. icosR^i:, f£*i#BMT, 1 
2 V«E»f t «E£ EPJn L/c i: £ ^ , #fetf>3fe3feW«B§ 

[00 9 0] Jt«fll2 

TIC S£«l#H^Ts 1 2VcottfI«;E?rEMnL^i:>r 

^*2rSS2^(c^t^. 
[00 9 1] 





us 

(c d/ra 2 ) 


OnA/cm' ) 




2 4 2 0 


5 4 


%feM3 


2 3 8 0 


5 4 




2 3 2 0 


5 3 




2 3 8 0 


5 4 




2 3 4 0 


5 5 




2 3 3 0 


5 6 


^JteW 8 


2 4 0 0 


5 4 


^8SW 9 


2 3 4 0 


5 5 


*9feWi 0 


2 3 3 0 


5 3 


^stew 1 1 


2 3 5 0 


5 4 


^SSfcW 1 2 


2 3 4 0 


5 4 


=fefeW 1 3 


2 3 8 0 


5 5 


*JfcWl 4 


2 5 2 0 


5 6 I 


HJfeWl 5 


2 3 4 0 


5 3 




o o c n 

C O 3 U 


□ 0 


X»PU 7 


2 3 6 0 


5 4 


Wll 8 


2 4 2 0 


5 3 


^AfeW 1 9 


2 3 4 0 


5 6 


0 


2 3 5 0 


5 5 


=feifeW2 l 


2 3 6 0 


5 4 


^lfcW2 2 


2 3 7 0 


5 4 


^9feH 2 3 


2 3 4 0 


5 7 



[0092] 
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SMS 







t!KE 




(cd/m 8 ) 


(mA/cm 1 ) 


**M24 


2 4 2 0 


54 




2 3 6 0 


5 5 


%M#|2 6 


2 3 9 0 


5 5 




2 3 4 0 


5 4 


mm2 e 


2 3 8 0 


5 5 


%ftH2 9 


2 3 6 0 


5 6 


5QiW3 0 


2 3 5 0 


5 3 


5?ffi^3 1 


2 3 8 0 


5 3 


£*W3 2 


2 3 4 0 


5 4 


*Sfe^3 3 


2 3 2 0 


5 5 




2 3 5 0 


5 4 


^SfeW3 5 


2 4 3 0 


5 5 




2 4 2 0 


5 3 


unsms 7 


2 3 8 0 


5 5 


^ifcW3 8 


2 3 6 0 


5 4 


^Jfe^3 9 


2 3 4 0 


5 5 


HHW4 0 


2 3 3 0 


5 3 




2 4 0 0 


5 B 


JtttWl 


117 0 


8 2 


Jt*5^J2 


15 5 0 


7 4 



[0093] mtmi4 2 

I§2 00nm«ITOMti (USE) £#^£#7 

x*#t£. *®.mm. T*by. x.? y-ivzm^xm 

tBB5£bfc«. Ifi^3Xl O-e Torr CSEL^. 
4"**. I T oanjjiKLW^ 4 , 4 ' -h'X[N-7x 
—)V- N - (3" -^^7i-;H b'7x- 
A-fcaafiBK 0 . 2 nm/sec T7 5 n mOff^tC^t* 
U ]E?l£A«ii*JIi: Lfc. fcwe, fmii^ fx 
( 2-^f-;P-8-^y (4-7i-^7 
x / 5- r- ) T A' 5 ->7A fc 0^^^J#^-A - 3 CO-ffc. 
^ftSrs Hfcis!!*®*^, SKsMfaLSEO . 2 nm/sec 
T"5 0 nmfOffSt^Mt (MJt 1 0 0:1. 0 ) 
U f63tJii:L7t. h'JX (S-^/'jy?- 

h) T^S-^Sr, Sfi*j$jK0. 2 nm/sec t50 

<50±(C, V^^^Afc^Sr. ^*3SJ£0. 2nm/se 
c t2 0 0nm«J|?(:*lf (fiMJtl 0:1) LX 



MLtztZb, 5 8mA/ c m 2 ^t^Wl*: . «?JS 
2380cd/m' « Wtlte»?&3b!>*«8t2 $ tl?Z , 

[0094] mm\4 3 

J§$2 0 0nm<DITOj§BJ^fi| 

x»S£. 4«3>L Tthv, x^y-;^MutS 

f»i:u v/* Wifcfr Lfc», 

fcBRgUi«. If»5:3xl 0"« Torr te»ELfc. 

I TOjKRHliiC, 4, 4' -h'X(N-7x 
x;P-N- (3" -^f^7x-;H 7S7) k"7x- 
tV&MXXSl 0 . 2 n m/sec T* 7 5 n m<0W S 

(2-/f;k-8-^yyy7-b) r^s-^-// 

3MtiH*»4> , ^*MJS 0 . 2 n m/sec T" 5 0 n m^l 

(SJLttl 00:2. 0) U IBfcSfc L 
it. <JCt N hUX (8-^y'jy7-h) T/WS-^A 
* . 0 . 2 n m/sec T 5 0 n m»J¥£ ^M* 

^AfcffiSr. 3&£j£j£0. 2 nm/sec T*2 0 0 nmcO 

mziz±mm (M-iti o : i ) txmmt u mrnn 

S2«#BimT, 1 2VcoiSs£mE^EpjnL^i:C:^, 5 
7mA/c m 2 <75^#Wut. *W£2 3 2 0 c d/m 

[0095] £ftft4 4 
/¥S2 0 0 nmOI TOSBflmeS (l^ffi) £3rt£#5 
x»g£. (MKJtai T-feh^, x*y-;i^SrfflvvtiH 

fc: U V/* Wifcfr Lfcft, 3IBIHW^HR*A^- 
t=Eajet?t«, lftl^3Xl 0- 6 Torr fc«JEUfc. 
4-Ts I T03SBBmS±t, 4, 4' -t'X (N-7x 
(3" -^f^7x-/H 7S7) b'7i- 
)ls*mmmi£ 0 . 2 n m/sec f 7 5 n mcOJ^S tC^* 

(2. 4-¥X+)V-Q-*SV J=7-V) T;W5-»7 
A-At-^V-t*X (2, 4-^^-8-^y'J 

«J*. a*6IMKSA»fe, jfMfiaftO. 2 nm/sec T 
5 0nm<0W3(C^R* (S»Jtl 0 0 : 4. 0 ) L. 

2 nm/sec X'5 0 nmCO 

7^^WtSJ< ^*^«0. 2 nm/sec T 
200nmc0f§i:*If (MtJtl 0:1) LT^ffi 

I&3t3lt^t=» Oa*»IB«T, 1 2VcoiS«iE«E2rEPJPL 
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tzt 5 7mA/ cm' ^IKftaWlfc . «J£2 1 

3 0c d/m 2 <0»»fe<!05ft3t**ilBS*tfc. 
[0096] %gfcffl4 5 

Jf§2 0 0nm«ITOlifI (l^ffi) Sr^fStf? 

4*tt8afl, x?y-^£fflvvtjg 

izmmLtztk, Ifi&3X l 0" 6 Torr tjjffiLfc. 

ITOSB|tft±C. 4, 4' -t'X(N-7i 
x;P-N- (3" -^f^7i-/k) 7S/) t'7i- 
/l^3l*3»KO . 2 nm/sec X'7 5nm^SJCli 
U JE?LaA«l3li«t Lit. <X^X\ *tf>±fc, hUx 

A - l 0tfXfc£*j*. S&43ti*Sfc&»4>, ^*il«0. 

2 nm/sec T5 0 n mCDJ¥§ (S*Jtl 0 

0:6. 0) U ^titU. <KK, M>X (8-df 

yyy^-H r^$-?A*, jk*»jko. 2nm/ 

sec T5 0 nmC0J?$^«U 9rf&*M&Mb L 
0 . 2 n m/sec t2 0 0nm(7)S§ CC*^ ( MJt 

10:1) tT^ffit u ^mm%-$£mi-*imL 

fc. tt« L/c*«^*%3t*^ . OStft&HSlT* 1 2 
VcOESWKEtEPJDLfeki*. 58mA/cra' «9« 
WfifflxK.. »K2 150cd/m2 OWJJfeOlBt* 5 

[0097] 9mm4 6 

ffS2 00nm<^ITO38^1Bffi (ftS) 

xSK, tMM'L x?y-^S:fflivcj@ 

KIU£Lfc», 11^3X1 O" 6 Torr IC«IL-t. 
£i\ lTOW9m&ktZ^ 4, 4' -t"X(N-7i 
X/P-N- (3" -^f;l^7x-/k) 757] b'7x- 
A'SSaBBKO . 2 n m/sec f'7 5 n m<7)J¥ 
U IE?L&A«5i*«kL*: 0 fcwc, *^±{=, hUX 

c-4 7^t m%&mxm*t>. Karats o. 

2 nm/sec T5 0 nmcOJlS^ft^* (Sfiitl 0 
0:10)1. RKMbLtz. mz, hUX (8-dfy 
Uy^-b) r;P5-^t, 2nm/se 
c T"5 0 nme>JP3(3lG*U VP 8EAI&58* i: U: 0 
S^>tc^<0±{C. 3S#8CJgO. 2 

nm/sec T2 0 0 nm^/J^C^* (SMitl 0 : 

i) bxmmtL. mrnxxma&zmiLt:. 
LtzGmiZRzmm?^ &mwm^T. i2vcowm 

W£*GMmLtztZ*>, 6 0mA/ cm 2 mmftttfiffijtl 
ffifg.2 2 5 0 c d/m 2 <aWf!te«3Bfc#WB£*l 



[0098] £Jfcffl|4 7 

JP32 0 0 nm<75ITOaBJ!*ffi (AS) £?T$-&#7 

xift^, *¥fflffl. x^y-^Srfflwtfi 

WS5£L*:«L lf«^3xl 0" 6 Torr t«JEEL?t. 
ft. ITOjgH^«fll±tC 4, 4' -t'X (N-7x 
x;W-N- (3" -^f;l/7x-/l-) 757] t'7x- 
/l"*3MiaU*0. 2nm/sect7 5nra»S§tIf 
L. iE?LaA«fi*«i: Vtz. Jfcwc, *«o±fc. 1-UX 
(8-Jf7'J77-h) r^Sx^At^-ft^ift*^ 
C-7 0^ft^, »iHW>^ 3g*jlJg0. 
2 n m/sec ?50n mOff$ ^ftSK* ( S4Jt 1 0 

0:1. o ) u ttmjmmzmtotiftXMt t 

0 . 2 nm/sec X'2 0 0nm»J|§^H (**Jt 
10:1) LXmmt U iniMJWftraft^fcfEKL 

fc. fl*bfc*r«*!Wfc3fc*?te. «aft#HSVT\ 1 2 
V<01t8ME£E*E|UllLfefci*. 58mA/cm' COM 
SS#Wut. **Kl970cd/m 2 toWISfeW^Tt* 4 ' 

[0099] £ttft|4 8 

J¥3200nm(?)ITO3aBJTO £lTf&#7 
X*K£, fttgHFL T-feh>, x*y-;HfrJBwejH 

Hzffi&LtlQt* Ifl&3xl 0" 6 Torr te*£ELfc. 

I TOawmLhC 4, 4' -h'X [N-7x 
x;W-N- (3" -^f^7x-/H 7i7) h'7x- 
frZWSM&O ■ 2 nm/sec X'l 5 n mC^/P^ 

jE?L?±A«ijMilt t^o JJCV^T, *tf>±£, 
^ft»^C - 7 0 COitisVsi , 0 . 2 n m/se 

c T5 0nm<0f$tI*L. «3l£li:Lfe. ^V^T\ 
-e^±tC, 1, 3-t"X[5' - 
x-)H -1.3. 4-^ J ^-tr> > '7 > y'-/^-2 , ->f 

^.y-fe'ySr, ^*3IS0. 2 nm/sec T5 0 nm 

coJssi=n*L. ^mMmmtvtz. zt>iz*n±. 

t s 3I*^«0. 2 nm/sec T 

2 00nm(7))|$(:*If (Siitl 0:1) LTH«S 

mcomg.vtmz&-ofz£&mmLtz, nmttz^mm^ 

Z&fMTtz. «a»»ffl«T, 1 4V«il»f t «ESrEPJnL 
41mA/cm 2 comSK* 4 ^^ . MRS 18 
5 0c d/m 2 cO»»feco%3t**flagSnfe. 
[0100] %ttM4 9 
f?2 0 0nm^)ITOgBB16ffi (Affi) Sr#-r^^5 
XS«Sr. ftt^DW. T-feh-y. x^y-^SrfflV^S 

So tuv/*/^ Lfcft. ^^Bo*«*^y- 



(5 0))01-257074 (P2001 -EUftf 



tCffljetfctt, 11^3X1 0-6 Torr t«El)t. 

^m^mmm!S.O . 2 nm/sec -C5 5 nmcoJlSM 
MSt L^, &^T\ *<0±K, 1. 3-h" 
X [5' - ( p-tert-7'f-^7x— /I/ - 1 , 3, 4 
-jj-^^TV— ;l^-2' --^/tO O ^MBS 
JS 0 . 2 n m/sec T* 7 5 n m?)J?$ t , fl^S 
AlftiSJBfcUfc. S^t-tW-hCs ^y^Atffi 
£ , 0 . 2 n m/sec T" 2 0 0 n mcDJPS fcS 

k* (s*jti o : i ) txmmt u ^mn&%itm 

%T, 14VCD\B.%&ZB.Z$V)ULtzk.Z*>^ 6 3mA/ 
c m^ tOtESSaWut. iI1 250cd/m2 

[0 1 0 1] H««5 0 

Jg$2 0 0nmC0ITO3SBfl«ffi (AS) #5 
4*IK5fc£'L TtbX xyy-^&fflv^TiS 

KfflSeL-fcSL Ifi5:3xl 0- 6 Torr CjffiLfc. 
*i\ iToaBHTOLhi:. 4, 4' , 4" -bUX 
CN- (3"'-^f/k7i^) -N-7x-;l^T5 
y} h U 7x-^7*$y£3£«j&£0. 1 nm/sec 
T\ 5 0 n mtf)JS § tC^* t . Sg-jE?l&Afiii&B t L 
fc. <XWC, 4,4', -t'X [N-7x-/HN- 

( l" — T-y^-zW T$y) t'7x^t^-fb-^%# 
* A - 1 0>1£&fo * , SO: & 6 , 3S*i$J£ 0 . 

2 nm/sec T'2 0 n mCOffS Icftlg* (SJttfcl 0 

o : 5) ^-jEfmxmmm^mtitzmMt l 

tz. &WC\ <t<0±£» MJ* (8-^y'J/5-b) 
TtH—V&t:. l£*3$Jg0. 2 nm/sec t50nm 

IC. V/*>"7Ai:fB£. P&*j£J£0. 2 nm/sec T 
2 0 0 nmCOffSfc&SSaf (SUtl 0:1) LTPtffi 

tu ^Knw^as^^iiL^. ^ mmits mm 

£ i: £ h , 68mA/cm2 <7)«8S*«8lDMfc . 2 6 

5 0c d/m* WimcO$ft3fr& t Wi8S*l.fc. 
[0 1 02] HM^J5 1-6 3 

mrn-t h ith o . ^-fb-^wi^ a - 3 <oft^*i < ^ 

jfcffl 5 1). 0»-fb#H9## A - 4 W-ftl^ ( 5 
2 ) , «^k^ft»^A- 1 l<r>tt&m (»fi^J5 

3) . flKHb-£WS#A-2 l<7Mb£«! (IQfcWl5 

4 ) , m^ti&»% J 5A-2 5<7)it&m imm\5 

5) , 01i^fc^#^A-2 9CO'ffc&ft (HWJ5 

6 ) . e^t^#^B-7<^fc#fo (^J*#J5 7 ) . 
flK^b^WS^B - 1 2«ft^ft (HM#iJ5 8 ) , fflTjk 



«s#c - 2 8^k^» (HWJ6 o ) , mmc&m 

tt£f)iK. ^*^IS3^ (*8) t^t^:. 
[0 103] 
[*8] 





MR 

(cd/m 1 ) 


Cm A/ cm* ) 




2 4 8 0 


5 6 




2 7 2 0 


5 5 


^»M5 3 


2 6 10 


5 3 


«ttsn5 4 


2 4 8 0 


5 4 




2 6 6 0 


5 6 


3HIWI5 6 


2 5 7 0 


5 4 


*SH«5 7 


2 5 5 0 


5 6 




2 5 2 0 


5 6 




2 5 8 0 


5 4 | 


mieo 


2 5 9 0 


5 5 


^Sfe^6 1 


2 7 2 0 


5 7 




2 4 6 0 


5 7 


»W6 3 


2 6 5 0 


5 7 



[0 104] 11*6016 4 

J?S200 nm<0ITOlB|tffi (WiW £lTf&#5 

#ttiftB!L T-fehv. x*y-;w*fflwtjg 

fefcuv/3ryy*»tfc. act, iTopnii 

tC , rK U — N — t"— )Vij)V> ^/—IV ( MiT^^"^ 1 * 1 
50000), 1, 1, 4, 4, -fb77i-;H, 
(WfecT)^^) . ?W>6 C" 3 

- (2' -<yy'f-rv"u^) -7-yxf^7S/? 

A - 1 0«-fb-&»*, -e-tt-fixMMibl 0 0:5:3: 
2 ^fiJ-^-C-^W-f S 3 m&%(0 y'^onx? y 5r ffl 
Wt. t 2 / .yr^-h&lCi 0. 4 00nm»^3til5: 

*^aos^^r-^sist^f*, ^««2r 3xio 

-e Torr te*EUt. S^ts 563KJi<0±t=. 3- 
(4' - tert - -f^U y x — ;W ) -4-7i^l/-5- 
(4" -t'7ix;H 1, 2, 

m& 0 . 2 n m/sec t2 0n mc7)Jg§ (C^* L/c:f*. 
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-^AS: N mm&JgO. 2 nm/sec X'3 0 nm<0ff£ 

?*i/*7&tm:. WMtMS&Q. 2 nm/sec T"2 0 0 
nm^)KtMt (fi*Jtl 0 : 1 ) UrBpfik U 

6 8mA/cm' O*S40*8&flfc. Mfel 14 0c 

d/m 2 ^>fifew«jb6*mgs^. 

[0 1 0 5] 5~7 o 

7) , t^-fk^#^-c-2 3<r>itsm mwme 

8) , WI*t^#^C-2 8<0ft^J (Htfe^6 

9 ) , fl^t£1ij#*C - 5 4CO^m (l»J7 0 ) 

StT, 1 2V^EaWBE*EpjnU/£f:i*. fifeOffe* 

(f!9 ) IZijkL fz. 

[0106] 

[*9] 

»4* 





me 

(c d/m" ) 


(mA/cm 1 ) 


mme 5 


12 4 0 


7 5 




12 3 0 


7 4 


5W6 7 


12 4 0 


7 6 




12 4 0 


7 7 




12 6 0 


7 4 


&MM7 0 


12 5 0 


7 5 



[0 1 07] 1 

W32 0 0nmmTO»UMra (R«) SrWtStf? 
xiS5r, 4"KStSiJ, T-ter-y. x^y-^fflutS 
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fc, U — N — t'-;W;l,A/-^ ( 1 
5 0 0 0 0). 1 , 3-b'X C 5 ' - ( p -tert-r* 
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fc, jKU (Mf%^fl5 0 000) , 

4, 4' -fc'X CN-7x-;W-N- (3" 

xx/u) rsy) b'7x-;K t'x (2-^f-;u-8- 
*yyy?-M r^5-^A-//-jj-^v-b'x (2 

-^f^-8-^yU/7-b) T^S-^AiaiWJ 
*vfc£tt#-?C - 1 8«9fc^to£. ZtlZ'tlM&lt 1 0 
0:40:60: l^t*tt4311^i/'?n 
nx^fflFfRSrfflvvt. r-f yrn-h&tcj; 0, 30 

»3X 1 0- 6 Torr t«£EL3t. SBfll 

<o±^ -?r*is*?j»kmt:* mm&szo. 2nm/ se 

c T"2 0 0 nm<0*§tC^« («*Jtl 0:1) LT 

Jn Ufc i: £ 65mA/cm' OltSS^SWut . Mft 
8 9 0c d/m 2 OW*itoffcifoWIlS$*ifc. 
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